This paper deals with the construction of wage distribution models using four-parameter and three-parameter lognormal curves. The main objective of the research is to compare the accuracy using both types of lognormal distribution as wage distribution models. The minimum wage in a given year represents the beginning of four-parameter and threeparameter lognormal curves. The estimates of the remaining three, respectively two parameters are constructed using the quantile method. The chi-square test criterion is used to evaluate the accuracy of the models obtained. In almost all wage distributions, the fourparameter lognormal models yielded more accurate results than the three-parameter lognormal models. The results in terms of accuracy of both lognormal curves are just as accurate in only a few cases. However, the differences in the accuracy of the four-parameter and three-parameter wage models are not critical. Gross monthly nominal wage is the main research variable. There are data in the form if interval frequency distribution.
Introduction
The topic of wages, incomes and other indicators of labour market appears almost continuously in the economic professional literature, and that is and will be still permanently topical. An example is several following publications. The issue of income stability is solved in (Bartošová & Longford, 2014) . The issue of income inequality is researched in (Bartošová & Bína, 2018; Langhamrová & Šimpach, 2012, and Sipková & Sipko, 2012 ). An important field is the wage level, which is examined in (Marek, 2018; Marek, Doucek & Nedomová, 2018, and Maryška, Nedomová & Doucek, 2017 Gross monthly nominal wage in CZK is the main researched value. The relevant annual CSO data are in the form of interval frequency distribution with opened extreme intervals. The data are sorted according the company size and they cover the period from 2014 to 2018, see Table 1 . Table 2 shows the development of minimum wage in the period. A total of 30 wage distributions were researched.
The data include employees in both business and non-business sectors of the economy.
The wage is paid to an employee for work done in the private corporate (business) sphere, while the salary is earned in the state budgetary (non-business) sector. Within the present study, both wages and salaries are under the umbrella term of "wage".
Theory and Methods

Four-parameter Lognormal Distribution
The random variable X has a four-parameter lognormal distribution with parameters μ, σ 2 , θ and τ, where -∞ < μ < ∞, σ 2 > 0, -∞ < θ < τ < ∞, if its probability density function is
, 0 = jinak.
Lognormal distribution with parameters μ, σ 2 , θ and τ will be marked LN (µ, σ2, θ, τ) . The probability density function of the four-parameter lognormal distribution can take very different shapes depending on the values of the parameters of this distribution. The distribution can be also double-peak for σ 2 > 2 and If the random variable X has four-parameter lognormal distribution with parameters μ, σ 2 , θ and τ, then random variable
(2) has normal distribution with parameters µ and σ 2 and random variable
has standardized normal distribution. Thus, the parameter μ in the expected value of the random variable (2) and the parameter σ 2 is the variance of this random variable. The parameter θ is the beginning of the distribution (theoretical minimum) of the random variable X and the parameter τ represents the terminal point of the distribution (theoretical maximum) of this random variable.
Three-parameter Lognormal Distribution
The random variable X has a three-parameter lognormal distribution with parameters μ, σ 2 and θ, where -∞ < μ < ∞, σ 2 > 0, -∞ < θ < ∞, if its probability density function is
, 0 = jinak. Lognormal distribution with parameters μ, σ 2 and θ will be marked LN (µ, σ2, θ). The Thus, the parameter μ in the expected value of the random variable (5) and the parameter σ 2 is the variance of this random variable. The parameter θ is the beginning of the distribution (theoretical minimum) of the random variable X.
Quantile Method of Parameter Estimation for Four-parameter Lognormal
Distribution
We assume that we know the parameter θ because of the existence of the minimum wage institute. As mentioned, the random variable (2) has a normal distribution with parameters μ and σ 2 . 100*P% quantile of normal distribution with parameters μ and σ 2 has the form μ , σ
where uP is 100*P% quantile of the standardized normal distribution. Thus, u0.50 = 0 is valid for the median of the standardized normal distribution.
We in total estimate three parameters of four-parameter lognormal distribution (parameter θ is known as minimum wage), so we need a set of quantile equations with three .
We observe one equation with one unknown parameter τ 0.50 0.25 0.75 0.50 
We get a quadratic equation
We observe the estimation of parameter τ 2 2 0.25 0.75 0.25 0.75 0.25 0.75 0.50 0.50 0.50
We obtain quantile estimations of four-parameter lognormal distribution 
where constant C is determined using equation (17).
Quantile Method of Parameter Estimation for Three-parameter Lognormal Distribution
The quantile parameter estimation is considerably simpler in the case of a three-parameter lognormal distribution. We again assume that we know the parameter θ because of the existence of the minimum wage institute.
As mentioned, the random variable (5) 
Quality Evaluation of Acquired Models
We need to further assess the quality of the constructed models. We can use the known chisquare criterion for this purpose
where ni are the observed frequencies at individual intervals, i are the theoretical probabilities of belonging of the statistical unit to the i-th interval, n is the total sample size and n  i are the theoretical frequencies at individuals intervals, i = 1, 2, …, k, k is the number of intervals.
However, the question of the suitability of a given curve for the wage distribution Table 3 are also used to estimate the parameters of three-parameter lognormal curves for wage intervals with a width of 5,000 CZK again, with the minimum wage representing the beginning of these curves, too. Table 3 shows the lowest wage level for the smallest enterprises of less than 10 employees. The wage level then increases with company size up to 1,000-4,999 employees,
Results and Discussion
where it reaches its peak. Further, the wage level does not change fundamentally with the growth of number of the company's employees.
Tab. 3: Sample wage distribution quartiles (in CZK)
Year Table 4 shows the parameter estimations for four-parameter lognormal curves representing wage distribution models and Table 5 shows the parameter estimations for threeparameter lognormal curves as wage distribution models. These figures show a change in the shape of wage distribution models with the growth of enterprise size, while the shape of wage distribution models is clearly different for the smallest enterprises of less than 10 employees. Figures 12-16 represent three-parameter models of wage distributions in 2014-2018. The clear difference in the shape of wage distribution models for the smallest enterprises of less than 10 employees is apparent from these figures, too. Table 6 shows the calculated chi-square test criterion values for four-parameter and three-parameter lognormal curves. We can see from this table that the chi-square test criterion is slightly smaller for four-parameter curves than for three-parameter curves in most cases. However, this difference is not essential so much in majority of cases. The chi-square test criterion value is the same for the four-parameter lognormal curves and three-parameter lognormal curves for six from thirty wage models.
Thus, it can be stated in principle that the four-parameter lognormal curves provided slightly more accurate wage distribution models than three-parameter lognormal curves. We register k = 10 wage intervals in all wage distributions. We estimate p = 3 parameters in the case of four-parameter lognormal distribution and p = 2 parameters in the case of three-parameter lognormal distribution (parameter θ is known in both cases).
Assuming the null hypothesis is valid, the test criterion (30) has an asymptotic chi-square distribution of ν = kp -1 degrees of freedom. This is ν = 6 in the case of four-parameter lognormal distribution and ν = 7 in the case of three-parameter lognormal distribution. Table 7 contains the critical values at α = 0.05 (0.01 or 0.10) significance level. This is clear that the test leads to the rejection of the null hypothesis assuming a fourparameter or three-parameter lognormal distribution of gross monthly wage in all of thirty cases and at all significance levels considered (5%, 1% and 10%). In all cases, the test leads to the accepting an alternative hypothesis that the gross monthly wage distribution is different than the null hypothesis assumes. As already mentioned, this situation occurs with a regard to the large sample sizes that we encounter in relation to wage distributions, where the test reveals all the slightest differences between the sample distribution and model. However, we are not interested in such small deviations. 
Conclusion
Within the point parameter estimation using quantile method, four-parameter lognormal curves provided more accurate models of wage distributions than three-parameter lognormal curves in the vast of majority of wage distributions. Four-parameter and three-parameter lognormal curves produced the same accuracy in the results only in six from thirty wage distributions. Three-parameter lognormal curves were not more accurate than four-parameter lognormal curves in either case.
The shape of model wage distributions together with the growing level of wage distributions are changing significantly with the growing size of the firm, up to 1,000 employees. For companies over 1,000 employees, the shape and level of wage distributions do not change strongly. Some other authors deal with the issue if household incomes, employee wages or in total labour market, see for example (Landmesser, 2019; Łukasiewicz, Karpio & Orłowski, 2018; Malkina, 2019; Pernica, 2017, and Megyesiová, & Rozkošová, 2018) .
